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ABSTRACT 

Basad on tha pramisa that multiple choica tests can 
be used as diagnostic tools for teachars in identifying and remadying 
student misconceptions, this study focusad on the davalopment of an 
instrument for diagnosing sacondary students* undarstanding of 
photosynthasis and respiration. Information is prasented oni (1) 
procedures of devalopment of tha two-tier instrumant for assessing 
students* understandings of photosynthesis and raspiration in plants; 
(2) test results based on administration to students of sacondary 
schools from Perth, Western Australia; and (3) application 
possibilities for teachers in a classroom setting. Propositional 
statements representing the knowladge reguirad to comprehand tha 
mechanisms of photosyn thesis and respiration are listed and sample 
questions from the instrument are includad. Also identified are 
representativa students* misconceptions from a series of pilot 
studies on photosynthasis and raspiration in plants. (ML) 



* Reproductions supplied by EDRS are the bast that can ba made * 

* from the original document. * 



EKLC 



OlFAm-iWiNT@FeiHI&- 
Orf(Ea Of Eduestidnai PessiirgH and In: 

iDUCATlONAL ReSOURCsa IHFC 

CENTER mmci 

jE&hii dseumsrit his been repr^^^diieed M 
r 7eeeiv#d from ihe pirs&n or s^^^anizaiisn 

©riginafing il 
□ Minsr changei have Men made ^ 4o improve 

rgprQduetlQn quality. 



Psints of view sr opinions liatgdlr'F—i ihis d^iH 
(n§nt ds net neeessarily repres^B^nf official 
OERI psiitisn er pohcy. 



CM 
UJ 



PiRMlSSlON TO REPRODDJCl THii 
MATERIAL HAS BEEN QRA^NTED BY 




EVALUATING SECONDARY STimENgTS' MISCOKCEMBCOSS 
OF PHOTOSYNTHESIS AND BES&IRATION IN PLAt-^S ™pJr||?,o^^^^ 
USING A TWO-TIER PIAGNOSTIC INSTRUMENm' 



David F, TrMaguBt 
Filochs *I»aiiDi^ 



Sciince and Mathamatles Iducatlon C^nteri 
Wiitern Australian InatLtute of TgehwL^ogy 
Pirthj Western Austeralla 6102* 



The study was conducted while Mrs Fl locha Haslam yfB^m employed by 
the EducatlDn Department of ^Western ^uitralla, Roya^l Street ^ East 
Perth, WA 6000, 



A paper presented at the 59th Annual Meeting of the Natlwnil Association for 
Research in Science Teaching » San Francis«co, Calif ornis, March 28-31, 1986, 



BKW m AVAILABLE 



Pott- the pait decade there has been considerable Interaat In aelence 
mlsconeeptiona held by students. Initially fihis interest lead to research 
In science education which has reeulted in a large body of phenomenological 
aa&a which only recently has been more firmly supported by one or more 
thesoretical foundations (see for example, Driver & Erickson, 1583? Osborne^ 
GlLXbertp 1984). The work reported in this study fits into the construe^ 
ti\r^ist framework where the development of the items is based on actual 
stMident reasoning (see Treagust, 1985)* 

In most misconceptions research, the usual means for obtaining information 
ab^ut students misconceptions has been through individual student inter- 
views and/or open-ended response questions on specific science topics* 
Osb^-orne and Gilbert (1980) and Watts (1981) have described a variety of 
int.;arview forfflats or procedures for conducting these interviews* The two 
moa^st eommonly used procedures by researchers are interviews - about - 
ins-tances and interviews - about - events* Some researchers such as 
Mit^.ehell and Gunstone (1984) have used an interview format which is a 
mixr-Eure of these procedures. 

Notable exceptions to this line of research have been multiple choice teits 
deia^ribed by several authors such as Tamir (1971), Linke and Venz (1978, 
19/55), Helm (1980), Trembath (1984) and most recently by Halloun and 
HesWenes (1985)* Only in the case of Tamlr (1971) and Linke and Venz (1978) 
and Halloun and Hestenes (1985) were the tests related to any specified and 
liffl:ttted content structure. The multiple choice tests by Helm (1980) covered 
a asmester's work in college physics while that of Trembath (1984) covered a 
wtd^ range of subject content areas in a variety of disciplines at the 
coiaege level. In general, the methodology presented by these latter two 
sutl=ioFs who used a multiple choice test format appears to have been related 
to general subject matter taught and does not appear to have been pursued 
^t^^ any rigor in terms of the underlying conceptual knowledge of the 
subject matter* 

Tha work by Tamir (1971) on an alternative approach to construction of 
®^l^iple choice test items was innovative in that the distractors for the 
multiple choice items were based on students' answers to essay questions and 
oth^r open-ended questions and addressed underlying conceptual knowledge 
rela^ted to a limited content area* As Tamir (1971, p. 306) states *'these 
alt»rn^^tive [responses] being representative of typical conceptions and 
raisc^ionceptions of students have a distinctive advantage as compared to 
regu^lar test items for which professional test writers provide the 
alte^^3fnatives*" To these authors, it is surprising that Tamir 's approach has 
not been pursued more actively in the past decade as interest in students' 
mise»-©nceptions has expanded. 

In f-their multiple choice items, Linke and Venz (1978) dealt with the 
prin^ciples of structure of matter, changes of state and solubility and the 
basi« principles of electricity.. In their later study Linke and Venz (1979) 
examined students misconceptions of electromagnetic waves i light and heat, 
chem&cal reactions and motion and forces using multiple choice and free 
reaponse items. The items, which contained distractors based on students 
identified misconceptions, were administered to non^science students in 
Year^ 11 and 12 and the general conclusion was that students completing 
secoradary studies hold identifiable misconceptions or confused ideas. 

In order to objectively evaluate first year college phyLSics instruction, 
Halloun md Hestenes (1985) developed a physics diagnostic test which 
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selected to aasfii the studefits'^ * qualitative cancsptions of motion and Iti' 
caueeo and to Idsntify eottmon misconceptions already noted by pravious 
investigators* Itsm diitractOK^s were chosen from students' respDnsei 
identified as mlsMncyptions on ^^arlier teats. 

The develapment cf raultipla chole^e testa on students* raisconceptions has the 
potential to make i valuable aonteribution, not only to the body of work In 
the area of misconceptions * timt also to assist in the process of sclenci 
teachers more readily uaing tha Mndirigs of research in their classrooms, 
It is well docymanted that Msearch findings in science education take 
considerable tlrae to be applt#D In the classroom. Further, If teachers 
decide to interylaw their own students to Identify misconceptions, this 
practice Itself Ij fraught wlfih problems since not only ts interviewing tlaia 
consuming, it also rtquirea auhsteantlal training. 

One way for a teechar to more a#slly Identify misconceptions held by a group 
of students would to admtnle^^ar a pencil and paper multiple choice tast 
which has items epeciflcally designed to identify misconceptlams and 
misunderstandings In a llmltad sind clearly defined content area. Such a 
test could be used as a dlagna^tic tool and help the teacher to begin to 
remedy the misconoiptlons that Sexist based on earlier teaching and learning 
prior to commenQlni the topic or-r that have occurred following the t#achlng 
of the topic, Itii, however^ well documented that the task of changing 
misconceptions wJU not be m^^my since misconceptions have often bean 
incorporated securily into cotnL^tiva structure (see for example, Ausubal, 
1978; Drivar, 1%U Gunstansp tehampagne & Klopfer, 1981), Nevertheless, a 
teacher needs a starting plac# for addressing known misconceptions and a 
reliable and valid multiple chol^ea diagnostic test incorporating students' 
reasoning in salecting reaponi^as would appear to provide a relatively 
straight forward method . 

In examining ralitid literature : for this study, it was observed that the 
majority of research on students^ misconceptions has Investigated physical 
science phenomani, fewer studi* «s have reported research dealing with 
biological sciaiice phenomena* In the area dealing with students under- 
standing of phDtoijrnthesis and respiration only four directly relevant 
aresearch lnvesti|ations were ii^.dentifled in the literature (Bell, 1984; 
Bishop, Roth & Andarson, 1985| Roth, Smith & Anderson, 19S3| Wandersae, 
1983) • However, the first and ^^hird of thase studies emphasised students* 
understanding of plant nutrition at the secondary, level (aged 15 years) and 
fifth grade levd respectively* In their work*. Bishop et al, (1985) 
designed a tearhliii module to md&dress misconceptions in photosynthesis and 
respiration of non^sclenca colle^ge students who had an average of 1.5 yean 
of previous high aohool and college aurses. Wandersee (1983) reported on a 
^ross=-age study from elementary zo college level where students were 
administered twelve tasks, aach involving an experiment, a phenomenon or a 
situation that calli for a atud%n^^ response. 



THE PURPOSE 

The purpose of thli paper Is to CXl) describe the development of a two-tier 
instrument to reliably and vsli^l^^ diagnose secondary students' understand- 
ing of photosyntheiis and reaplr^tion in plants* (11) discuss the flndlngf 
when this instrument was adminiat^ered to several classes of students in each 
of Years 8^ ^ 12 from seconda?*y schools In metropolitan Perth, Western 
Australia; (ill) deicrlbe ImpliQa^tlons from this research and illustrate hov 
classroom teachers ean use this Irastrument to improve the quality of and the 
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apprcmcli €ike 



PROCEDURES__AND INSTRUMENTATION 
Development 

The development of the instrument to rnm^^^ve ^-n. ^ts' .Miseoneeptlons about 
photosynthesis and respiration in r ij^ :i hB^md on the procedure 

deseribed by Treagust (1985), Thi& mm&^nt. Involved (i) the development 
of boundary conditions, to defimfi the aci€ nea iiontent, in terms of 
propositional statements and concept i«^s^ (ii) rh^ development of items 
based on intervlav^t examination ofi telta rflTi!t^4 Mterature, and open-ended 
pencil and paper measures, and the l^v^lopment of a two-tier 

diagnostic test. The first tier 6t each it^m %s m multiple choice content 
question which relates to proponiti^w^ taisiw^ts a«d parts of the concept 
map* The second tier of each ites coumi mtm of a multiple choice set of 
reasons for the answer given in the tfir.s ^um^ The set of reasons, which 
are based on students' responses to i^z^ivie^^ open-ended questions and/or 
previous research, consist of identified s^i^conceptions and the scientific 
ally acceptable answer* 



Identification of Propositional Statements 

Propositions were identified for students* understanding of the mechanism of 
photosynthesis (see Figure 1), the mechanism of respiration (see Figure 2) 
and the relationships between photosynthesis and respiration (see Figure 3)* 
The level of understanding was as expected of students having studied the 
science syllabus described by the Education Department of Western Australia, 
which Includes biological topics, in Years 8-10 (aged 13 - IS years)* All 
propositional statements were independently content validated by five 
experienced secondary biology teachers, two science educators and two 
tertiary biology lecturers « As a consequence, some propositional statements 
were eliminated and others changed to those shown in Figures 1-3. Certain 
propositions were retained which were part of the school syllabus to be 
taught even though these propositional statements were not addressed in this 
study* 



Sublects 

The administration of the instrument was conducted in regular class periods 
and was supervised by the authors* Four hundred and thirty eight students, 
~ 137 from Year 8, 88 from Year 9, 99 from Year 10, 68 from Year 11 and 49 
from Year 12 — completed the Instrument, Students in Years 8-10 cauie 
from the same school, students in Years 11 and 12 came from three 
neighbouring schools with a similar socioeconomic background. In Western 
Australia, all students take science in Years 8-10. At the end of Year 
10, only those students with average to above average grades are allowed to 
take science subjects in Years 11 and 12. Hence, students entering Years 11 
and 12 are, on the average, more capable than those in Years 8 - 10. 
However, no data on intelligence or formal reasoning ability were collected 
to document this. 



Instrumentation 



developing the final instrument, a series of five pilot studies about 



with secohdary students if rQffl a range of gradi levels. Tha pilot Studies' 
consistad of both an open discussion interview format and pencil and paper 
responses requiring an explanation for a given answer* Questions were of 
the type, "Explain what happens when plants respire?", "When do plants 
respire?", "How does a plant obtain food?", "When do plants photosyn- 
thesise"? Each pilot study was used to cross reference the types of student 
responses with the questions asked in the previous pilot studies. The 
students- misconceptions (or in some cases naive conceptions) mrm presented 
in Table 1 under eight categories r plant's use of light energy, function and 
nature of chlorophyll, role of water and storaates, role of carbon dioxide, 
role of oxygen, how plants obtain food, photosynthesis and respiration. 
Student responses to Interview and paper and pencil pilot study questions 
highlighted the general false awareness of plants respiring only during the 
hours of darkness and photosynthesising during the day. Subsequently, these 
responses provided the focus for the development and refinement of the 
thirteen item, two-tier, multiple *holce instrument, "What do you know about 
photosynthesis and respiration in lants?" 

The first part of each two-tier diagnostic test item consists of a content 
question usually having two or three choices. The second part of each 
question contains a set of up to four possible reasons for the answer given 
in the first part. The reasons consist of the correct answer, and any 
identified misconceptions. This second part of each item in the test is 
developed from the students' responses on the reasons given in the pilot 
studies. Students are required to make one choice from the multiple choice 
response section and one choice from the multiple choice reason section for 
each question. Space is also provided for the student to give her/his own 
reason, when she/ha has ideas different from the reasons provided in each of 
the 13 items. This opportunity for providing their own reason for a 
response minimises guessing and can illustrate how strongly a misconception 
is Ingrained in the mind of the student. 

The final instrument was content validated against the propositional state- 
ments. Identified as being necessary for defining the science content, by 
means of a specif Ication grid (see Table 2). The instrument reliability as 
measured by Cronbach's coefficient alpha was measured at 0,72 when both 
parts of the items were analysed. Difficulty indices ranged from 0.12 to 
0.78, with a mean of 0.38, providing a wide range of difficulty in the 
items. Discrimination indices ranged from 0,36 to 0.60 with a mean of 0,48- 
most experts consider a discrimination index greater than 0.40 to be 
acceptable without need for further revision (Whitney, 1977). The reading 
age of the instrument, examined using Fry's Readlbility Graph, was found to 
be between Years 7-8 level. Hence the diagnostic instrument is considered 
appropriate for any high school student from Years 8 to 12. Figure 4 
summarizes the test characteristics. 

RESULTS AND DISCUSSION 

Student responses on each item Were analysed by grade level and gender for 
the possible combinations of answer plus reason. Based on the total number 
of correct answers for both parts of each item there was a statistically 
significant difference between grades CF^74.13f p<0.0001). There were no 
gender differences and no interaction effects between gender and grade. 

Each item was analysed as shown in Figures 5, 6 and 7 which illustrate items 
2, 5 and 12. The percentage of responses is shown for each combination of 
content choice and reason for each grade level. For the purpose of this 
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study attention was given to those respo selected by more than 10% of 
atudent groups (see Gilbert, 1977). Some items proved to be less affective 
than other a in soliciting misconceptions in that many alternative reaaon 
responses were selected by lees than 10% of students. Never thelees 
consistency of miseoncaptions are identified throughout Years 8 to 11 
particularly. Since a number of reaponees were selected by less than 101 of 
students in this sample, it is the authors* intention to omit these 
alternate reaponees from the next version of the diagnostic instrument. Few 
students used the opportunity to formulate their own response rather than 
use the alternatives provided. 

In item 2 (see Figure S), the concept Investigated is the gas being taken in 
by plants when there is no light energy* The reasons here are a^ given by 
students In intervlewa and In open-ended pencil and paper queations. When 
the first part of the Item only la taken into conalderatlon (end column), 
the results show that there is decraasing, yet algnlf leant (>10I>, response 
choice from ifaars 8^12 about which gas is taken in large amounts when there 
is no light energy at all* However, with each higher grade level there is 
lass selection of the whole range of alternative choices In the second part 
of the item, though the correct selection remains a low selection until 
grade 12* These results together with those of other responaaa to Itema 3 
and S (see Table 3) Illustrate students* ralsconceptlona and lack of 
understanding that respiration Is an ongoing continuous procesa during both 
light and dark conditlona* 

During Interviews with atudents and from reaponses on pencil and paper 
Instruments in the pilot students, atudents gave a variety of answers for 
where they, believed that respiration took place in the plant i some students 
aald In all cells of the plant but others limited this t^ only In the leavea 
or only In the roots* As can be seen from Figure 6, more than 10% of the 
total studenta in Yeara 8 and 10 (end column) selected reaplration taking 
place only In the roots* However, when the data in this Item are eKamlned 
more closely, there Is some anomaly for say Year 8 where of the 10*2f of 
students who selected respiration of the roots only, half of the students 
(5.1%) gave a reason that all living cells need energy to live. 

In Year 8, respiration is taught as an identified topic and the concept la 
uaed throughout the biology units in Years 9 and 10. It is hence somewhat 
surprising that more students In Year 8 (51%) believe that respiration takes 
place in every plant cell than is the camm for Yaai: 9 (38*6%) and Year 10 
(41*1%). Even In Year 11, 38*2% of all studfnta believed that reaplration 
took place in the cella of the leaves only and gave a consistent reaaon 
(only leavea have special pores to exchange gaa) for doing ao. Only a small 
number of students retained this misconception In Year 12. While this item 
was designed based on students' responses to questions about location of 
respiration in plants. In a later version of this teat, the Item will be 
rewritten since a number of alternative reaponses are not attracting 
responses In the manner anticipated from Interviews and from responses to 
pilot study pencil and paper Itema. 

Item 12 (see figure 7) was designed to examine students' understanding of 
the process of photosynthesis with regard to the benefit for the plant* 
Three major ideas were put forward by atudents in the Interviews and pilot 
studies, namely that photosynthesis was beneficial to plants since it 
removes carbon dioxide from the air, converts light energy to chemical 
energy and for the production of energy. Up until Year 12 (see end column) 
all three content choices were selected by at least 10% of the yean 
students in Year 8 (40.1%), Year 9 (38*6%), Year 10 (35,4%) and Year 11 
(14*7%) selected the response that a benefit for the plant was removing 
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carbon dioxide fro^ in ; - 

this sample is being retained up until Year 11. Also even up to Year 12' 
(30.6%) a high percentage of students selected the restrlGted reason of 
photoeynthesia providing energy for plant growth ae the correet answer. By 
selecting such a response * students are overlooking other living processes 
of the plant that require energy. 

The major misconceptions relating to students* understanding of photo- 
synthesis and respiration in planta which were identified by the two-tier 
diagnostic test are shown in Table 3* The results illustrate how students* 
misconceptions about photosynthesis and respiration in plants are retained 
throughout secondary school years despite these contepts being taught each 
year as a topic, or as related to, or incorporated within, other topics* 
Further t the results highlight the consistency of students* thinking across 
year levels. For example, in item 2, of this sample of studentSt 27^ in 
Year 8, 23.9X in Year 9, and 19,1% in Year 10 choose the response indicating 
that they believed that photosynthesis can occur when there is no light 
energy at all. In Item 5, 29*2% of students in Year 8, 46.6% in Year 9. 
41»4% in year 10 and 33,8% in Year 11 selected responses indicating their 
belief that respiration in plants takes place in the cells of the leaves 
only, since only leaves have special pores to exchange gases. Similarlyt 
for item 12, students* selected that the most important benefit to green 
plants when they photosynthesise was the production of energy for plant 
growth (Year 8, 21.9%| Year 9, 28,4%| Year 10, 30.3%| Year 11, 33.8%; Year 
12, 33*6%) and the removal of carbon dioxide from the air (Year 8, 21*9I| 
Year 9, 22,7%* Year 10, 25,3% Year 11, 11.8%| Year 12, 2%), 

CONCLUSION 

In making conclusions from this study, the two-tier multiple choice 
diagnostic test has provided data which show that across year levels 8 
through 11, and in some cases in Year 12 as well, a high percentage of 
studentsi (1) do not comprehend the nature and function of respiration in 
plants, (2) do not comprehend that respiration in plants is an energy 
conversion process, (3) view photosynthesis as an energy providing process, 
(4) consider respiration to be synonoraous with breathing, and (5) have 
little comprehension of the relationship between photosynthesis and respira-- 
tion in plants. 

Certain student responses in the pilot studies and the results from the 
diagnostic test indicate that the two most consistent misconGeptions held by 
students in Year 8-11 relate to a lack of understanding of the relation- 
ship between photosynthesis and respiration and a lack of understanding when 
a plant respires* It would appear from this study that these two misconcep- 
tions are related to most other misconceptions about photosynthesis and 
respiration in plants. 

As can be seen by the numbers in brackets after the identified misconcep- 
tions in Tables 1 and 3, the findings of this study are in agreement with 
many of the findings in studies Veported by Bell (1984), Roth at al (1983) 
and Wandersee (1983), For example, in summarizing the work of Bell and 
Brook (1984), Bell (1984) reported that only a third to a fifth of 15 year 
old students used scientifically accepted ideas on plant nutrition in 
written responses to three questions* While many of the students* responses 
dealt specifically with plant nutrition* the focus of the study. Bell (1984) 
stated that 

"There appeared to be confusion or little understanding of the 
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relationship of the process of photosyiitHesls with other pHy^^^ 
and cheffiical processes carried out by plants, for example, wattr 
up-take and respiration. The students appeared not to have 
linked together in a meaningful and in a ecientifically 
acceptable way, the different aspects of plant functioning that 
they had learned about (p«14)« 

The results of this study would appear to lend support to Bell's clairo. 



IMPLICATIONS FOR TEACHING SCIENCE 

labile reported research on students* misconceptions, in this case diilliig 
with photosynthesis and respiration, are inherently interesting and ara 
illustrative of students* thinking and perhaps the failings of th# 
implemented curricula, the results are not easily used by clasarooifl 
practitioners. Consequently, there are two major implications from tht& 
study. 

The first implication is that in order to improve student learning it 1^ 
evident that the teaching approach to this topic should be modified in ord^r 
to address identified ^sconceptions. Such an approach has been nBmd 
successfully by Bishop et al* (1985) where they designed a teaching mi^le 
for non-science college biology students, Tlie second implication li that 
the existence of reliable and valid pencil and paper, easy^to-score, Instfu-' 
ments will enable science teachers to better assess students* understanding 
of science, in this case photosynthesis and respiration in plantSj upon 
which improved teaching can be based* Wien a diagnostic test as daicrtbed 
in this paper is used by classroom teachers, 'the additional student raaaona 
can be added to a later version of the test* 

Using a diagnostic test at the beginning of a biology topic involving 
photosynthesis and respiration in plants, a science teacher can obtain claar 
ideas about the nature of the students' knowledge in the area* Ones 
misconceptions are identified a science teacher will be more Incllnad to 
remedy the problem by developing alternative teaching approaches which 
address students- misconceptions and/or naive CQnceptlons, The appfogch 
described by Bishop el at, (1985) and the suggestions made for teachlni and 
learning by Bell (1984) are viable starting points. 
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;?^ P"lV Chlorophyir^g^^ tKeatsms. ^vf^ 

P 2. Chloroplasta are found In plant cells containing chlorophyll* 

P 3. Photosynthesis takes place only in the presence of light energy, 

P 4. Photosynthesis takes place mainly in the leaves (but grien stems make food 
too) • 

P 5, Carbon dioxide is taken in by the green leaf (or green stem) during the 
process of photosynthesis* 

P 6, Water is absorbed through the roots of the plant. 

P 7. The four essential factors for photosynthesis in plant calls arei light 
energy, chlorophyll ^ carbon dioxide and water* 

P 8, Glucose and oxygen are produced during photosynthesis. 

P 9, Oxygen gas is given off by the green leaves (or grien stems) during the 
process of photosynthesis, 

PIO. Plants use glucose molecules to derive energy for growthp transport, repro-^ 
duction^ etc. 

Pll, Glucose molecules that are not used immediately by the plant to form starch. 
P12. Glucose is converted to starch for storage in the cells, 

P13, Starch is cenvferted back to glucose to supply energy for the plant's growth* 
etc* 

P14* Photosynthesis may be represented by the equations i 

. Carbon dioxide + water high energy > Glucose 4- oicygafi gas 

Chlorophyll 

or . CO2 + light energy > C^H^gO^ + O2 

Chlorophyll 

or . 6CO2 + ^^2^ light enerav > CgH^^^Oe + 

Chlorophyll 

P15. Photosynthesis is the process by which green plants coiitaining chlorophyH, 
are able to trap light energy, and use it to combine carbon dioxide and 
water to make simple sugars (plant food) called glucosi and to prodUQg 
oxygen gas. 

P16* In some simple plants (some seaweed) brown and red chloxoplasts (other types 
of chlorophyll) are present, which absorb the light for phQto--syntheala# 
This is to make better use of the light, mainly blue, available in deep 
water. 

PI 7, Green plants use some of the oxygen produced during photosynthesis. The 
extra oxygen goes into the air, 

P18. The rate of photosynthesis increases when light intensity increases. 



Figure 1% Propositional statements representing knowledge required to comprehend 
the mechanism of photosynthesis at the lower secondary level. 
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R 1. Every living cell rMpires. 

R 2. All organismSi plants and animals, respire continually* 

R 3. Respiration is a chemical process in which chemical energy, stored in food, 

is released using oxygen so that cells can use it in other ways. 

R 4* Plants need energy to live and grow* 

R 5. During respiration plants derive energy from glucose. 
R 6, Glucose is used up during respiration. 

R 7, The end products of respiration are energy, carbon dioxide and water. This 
process may be represented by the equation: 

Glucose + oxygen Energy + Carbon Dioxide + Water. 

R 8. Carbon dioxide is present In the atmosphere. 

R 9. Oxygen is present in the atmosphere. 

RIO. Oxygen Is taken In during respiration. 

Rll. Roots of plants obtain oxygen from the soil air. 

R12. The oxygen dissolved in soil water diffuses into the root cells while carbon 
dioxide produced from the root cells diffuses out, 

R13, Oxygen molecules enter the leaf through the stomata (holes). 

R14, Carbon dioxide produced during respiration diffuses out through the stomata, 

R15, Stomata (holes) are present on the leaf surface. Gases diffuse in and out of 
the stomata. 

R16. The symbol for oxygen gas is The symbol for carbon dioxide is CO^* 

R17, Both plants and animals release carbon dioxide during respiration, 

R18, Carbon dioxide is the only gas which will react with clear lime water to 
turn it chalky, 

R19, Carbon dioxide is the only gas which will react with Bromothymol Blue (BTB) 
solution to change its colour from Blue to Green - when there is a small 
amount of CO^ and from Blue to Yellow - when there is much CO^, 

R20, All living things derive their energy from glucose molecules by a process of 
respiration in which oxygen is used. 

R21. If an organism cannot obtain energy it will die. 

R22. Breathing is a method of taking air into the body to provide the Important 
oxygen which the body needs to carry out the process of respiration In 
cells. Breathing is a physical process while respiration is a chemical 

process. 

Figure 2: Proposltional statements representing knowledge required to comprehend 
the mechanism of respiration in plants at the lower secondary level. 
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PR 1. In bright daylight photosynthesis occurs at a much greater rate than' 
respiration. 

PR 2, At night if there is no light energy at all, photosynthesis ceases 
while respiration continues. 

PR 3, During the day when photosynthesis is occurring more oxygen is 

produced than is used by respiration- 
PR 4. Photosynthesis is a constructive process which may lead to increase in 

weight, 

PR 5, Respiration is a destructive process which may lead to decrease in 
weights 

PR 6. Respiration and photosynthesis in terras of products and reactants are 
reverse reactions of each other* the products of one are used as 
reactants of the other* 



Figure 3: Propositional statements representing knowledge required to 
comprehend the basic relationships between the mechanisms of 
photosynthesis and respiration in plants at the lower secondary 
level * 
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Areas Evaluated 



Respiration in plants = Items 2, 3, 5, 6, 7, 8, 9 



Content based on 

Number of items 
Response Format 

Recommended grade level 
Time to complete test 
Test Readability (Fry) 
Discrimination Indices 



Difficulty Indices 



Photosynthesis - Items 1, 4, 10, 11, 12, 

Photosynthesis and Respiration - Item 13* 

Validated Propositional statements 
(see Tables 1^3) 

13 

Two-^tier multiple choice 
First tier - content knowledge 
Second tier - reasons + space for students* own 
reasons 

8 = 12 

15 - 25 minutes 
7^8 Level 
Mean 



Reliability 
(Cronbach-s alpha) 



0*48 



Mean 



0*38 



.72 



Range 

.30 - *40 ( 2 items) 
*40 - *60 (10 items) 
.60 = .80 ( 1 item) 

Range 

0 - .20 (3 items) 

.20 - .40 (4 items) 

.40 - .60 (4 items) 

.60 - .80 (2 items) 



Figure 4: Characteristics of '*What do you knaw about photosynthesis and 
respiration in plants?" 
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QUESTION 2 



Which gas is taken by green plants in large amounts when there is no light 
energy at all? 

1) carbon dioxide gas 

2) oxygen gas. 

The reason for my answer is because i 

a) This gas is used in photosynthesis which occurs in green plants 
all the time, 

b) This gas is used in photosynthesis which occurs in green plants 
when there is no light energy at all* 

c) This gas is usel in respiration which only occurs in green plants 
when there is no light energy to photosynthesise, 

d) This gas is used in respiration which takes place continuously in 
green plants, 

e) 



Grade 


N 


Choice 






Reason 








Total 


















No 










A 


B 


C 


D 


E 


Reason 




8 


137 


1 


14.6 


16.8 


10.9 


16.1 




2.9 


61.3 






2 


7.3 


10.2 


11.7 


8.8* 




0.7 


38.7 


9 


88 


1 


11.4 


5.7 


20.5 


17.0 




1.1 


55.7 






2 


3.4 


18.2 


11.4 


11.4* 






44.3 


10 


99 


1 


8.1 


11.1 


11.2 


24.2 


4.0 




58.6 






2 


3.0 


8.1 


23.2 


7.1* 






41.4 


11 


68 


1 


7.4 


1.5 


8.3 


17.6 . 






35.3 






2 


1.5 


1.5 


33.8 


27.9* 






64.7 


12 


A9 


1 






6.1 


6.1 






12.2 






2 






14.3 


65.3* 


4.1 


4.1 


87.8 



Figure 5: Item number 2 and percentage of students selecting alternate 
responses. 



* the correct choice and reason response 
^ no responses in this category 
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QUESTION 5 

Respiration in plants takes place in: 

1) the cells of the roots onlyp 

2) in every plant cell, 

3) in the cells of the leaves only. 

The reason for my answer is because i 

a) All living cells need energy to live, 

b) Only leaves have special pores (stomates) to exchange gas, 

c) Only roots have small pores to breathe. 

d) Only roots need energy to absorb water. 

e) 



Grade 


N Choice 






Reason 








Total 


















No 










A 


B 


C 


D 


E 


Reason 




8 


137 


1 


5.1 


0.7 




4.4 






10.2 






2 


42.3* 


3.6 


0.7 


2.9 




1.5 


51.1 






3 


6,6 


29.2 


1.5 


0.7 




0.7 


38.7 


9 


88 


1 








1.1 




2.3 


3.4 






2 


38.6* 












38.6 






3 


8.0 


46.6 


3.4 








58.0 


10 


99 


1 


2,0 




3.0 


5.1 




2.0 


10.1 






2 


37.4* 


3.0 


1.0 








41.4 






3 


3.0 


41.4 


3.0 


1.0 






48.5 


U 


68 


1 




1.5 










1.5 






2 


58.8* 






1.5 






60.3 


* 




3 


4.4 


33.8 










38.2 


12 


49 


1 














0.0 






2 


87.8* 








2.0 




89.8 






3 




8.2 






2.0 




10.2 


figure 6% 


Item 


number 


5 and 


percentage of 


students 


selecting alternative 



responses* 

* the correct choice and reason response, 
^ no responses in this category 
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QUESTION 12 

The most important benefit to green plants when they photosynthesis ±st 

1) removal of carbon dioxide from the air 

2) conversion of light energy to chemical energy 

3) production of energy. 

The reason for my answer is because f 

a) Photosynthesis provides energy for plant growth, 

b) During photosynthesis energy from the pun is converted and stored 
in glucose molecules* 

c) Carbon dioxide is taken in by the leaf through the stomates during 
photosynthesis* 

d) 



Grade 


N 


Choice 












lotal 
















No 










A 


B 


C 


D 


Raason 




8 


137 


1 


9.5 


5.1 


21.9 




3.6 


40.1 






2 


5.1 


18.2* 


3.6 


1.5 


0.7 


29.2 






3 


21.9 


3.6 


4.4 


0.7 




30.7 


9 


88 


1 


5.7 


4.5 


22.7 


1.1 


4.6 


38.6 






2 


6.8 


10.2* 


2.3 






19.4 






3 


28.4 


10.2 


2.3 


l.l 




42.0 


10 


99 


1 


7.1 


1.0 


25.3 


1.0 


1.0 


35.4 






2 


6.1 


19.2* 


2.0 


1.0 




28.2 






3 


30.3 


7.4 








36.4 


11 


68 


1 


1.5 




11.8 




1.5 


14.7 






2 


2.9 


36.8* 


1.5 


1.5 


1.5 


42.7 






3 


33.8 


7.4 








42.6 


12 


49 


1 






2.0 






2.0 






2 


2.0 


55.1* 








57.1 






3 


30.6 


6.2 






4.1 


40.9 



Figure 7: Item number 12 and percentage of students selecting alternative 
responses * 



^ the correct choice plus reason response, 
- no responses in this category 
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Table 1 



Students' misconceptions and/or naive conceptions identified 
by Haslam (1986) in a series of pilot studies on 
photosynthesis and respiration in plants. 



Responses Misconceptions and/or naive conGeptions 
related to J 



Plant's use Solar rays feed leaves with energy 

of light Plants change solar energy into food (2, 3) 

energy Plants need heat to grow (3) 

Plants produce energy from Lha Sun 

Plants burn energy during photosynthesis to produce starch 
The heat from the Sun is absorbed by the leaves during 
photosynthesis 

Energy intake does not take place at night | plants make their 
energy at night 

Function and Chlorophyll turns into starch 
nature of Chlorophyll is plants' food (3) 

chlorophyll Chlorophyll is produced during the process of photosynthesis 

Chlorophyll mixes with water and carbon dioxide to produce 
food 

Chlorophyll is a fluid 

The cell wall is green in colour 

Cellulose Is green in colour 

Role of Water is absorbed through the leaves during photosynthesis (3) 

water and Water Is produced during photosynthesis 
stomates Water enters the leaf through the stomata (3) 

Stomata absorb water when roots cannot do so (reverse of 
transpiration) (3) 

Stomata store food 

When rain water is being absorbed through the stomate, the 
plant stops breathing 

Role of Plants take in carbon dioxide since humans breathe it out 

Carbon Plants never give off carbon dioxide, they only use it. 

Dioxide Plants do not respire, they do not need oxygen as they make it 

from carbon dioxide and water (1) 

Role of Plants get the oxygen they need from carbon dioxide (1, 3) 

Oxygen Oxygen is produced by the plants 

Photosynthesis stops and respiration begins when there is no 
light energy 

Plants cannot respire and photosynthesise at the same time 
Green plants always take in carbon dioxide and give out 

oxygen, whereas animals always take in oxygen 
Animals respire through their lungs and plants through their 

leaves 
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Table 1 CCdntinued) 



Students' misconceptions and/or naive conceptions identified 
by Haslam (1986) in a series of pilot studies on 
photosynthesis and respiration in plants* 



How Plants Animals hunt for food, plants get their 's from soil and rain 
obtain Food Plants absorb food through their roots (2, 3) 
Roots absorb minerals and water as food (2, 3) 
Plant's food is starch which is stored in the leaves 
Plants take in oxygen gas in the presence of light to make 
food 



Photo- Photosynthesis provides energy for plant growth (2) 

synthesis Plants only photosynthesise 

Plants photosynthesise during the day and respire only at 
night 

Non green plants like fungi can also photosynthesise 
Carbon dioxide gas is given off during photosynthesis 
Photosynthesis can occur when there is no light energy 
The products of photosynthesis art sugars and water 
Starch is produced during photosynthesis 



Respiration Plants do not respire in the presence of light energy 
Plants respire only during the day 

Plants respire only at night ^ when there is no light energy 
Photosynthesis is the same as respiration in plants 
Plants do not respire * they photosynthesise 
Respiration is the same as breathing (1, 2) 
Respiration only occurs in the leaves of plants 
Only animals respire, plants do not respire at all 
Plants photosynthesise and animals respire (1) 
Glucose is broken down during re;iplration and oxygen released 
into the cells 

Respiration in green plants is a chemical process by which 
plants manufacture food from water and carbon dioxide 

Respiration is the taking in of carbon dioxide and giving off 
oxygen through plant stomates 



Note I Numbers in brackets refer to misconceptions consistent with the work 
of (1) Bishop, et al, (1985), (2) Roth et al. (1983) and (3) 
Wandersee (1983)* 
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Table 2 



Specification grid showing the propositional statements addressed 
by each of the items in the two tier test "What do you know 
about photosynthesis and respiration in plants?" 







Propositional Statements 




I tarn 


Photosynthasls 




Relationship between 
photosynthesis and 

res D illation in nlan^e 


1 


P3 P5 Fj,5 


CR2) 


CPR3) 


2 


(P3) C"9) 


R2 Rio 




3 


(P3) 


R2 RIO R14 




4 


CP3) CPS) 


R17 


(PRl) 


5 




Rl R2 R4 




6 




Rl R4 R22 




7 


(P3) 


R4 R5 R7 




8 


(P3) 


R2 R4 R20 




9 


(PIA) 


p^ Rfi R7 Pin 


{if Kb) 


10 


P8 P9 P14 P15 


CR7) 


CPR6) 


11 


P7 P14 PIS P18 






12 


PS PIS 




(PRl) (PR4) 


13 


P3 


R2 R20 R21 


PR2 



Propositional statements in parentheses indicate that this 
statement is also Implicitly being addressed by the item* 
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Tibia 3 



Sseondary studanEi* lisconciptloni' of photoijnitheils and respintien 
of plints Idintlfiid by the two tiared diainQstic test 



Farcentage oi' itudinti with iliconcept ions 
Miiconcaptloni Idintlflad Ysar 8 Year 9 Year 10 Year U YmU 

_ n mi n M8 n M9 n M8 n M9 



Riiplritlon in pian plints tikis pkce only during the day. 
Rispiration does not take place in the prisinei of light inergy. 
Cirbon dloxidi gai is |lvin off In lirpst laounti by |reen 
plints in thi prasenci of sunliiht, (2) 

Photosynthisis oceurs In pian plints all thi tlie. 
PhotQiynthasii ean eccur when there is no light inergy, 
Carbon dioxide ii used in rispirition whin thire is no 

light energy to photosyntheilsi. 
Oxygen gas Is used in respirition which only oecuri in grien 

plants when there ia no light eneriy to photoiynthisisi. 

Green plants itop photoiyntheslsing whin thire is no light eniriy 

at ill so they continue to respire and live off oxypn gas. " 21.2 34.1 20.2 16.2 4.1 
Grain plants reipiri only when there ii no light energy. " IJJ 20.5 m ao.'s 10^2 

Green plinti niiki thilr food from oxygen ps in tha presence of 

" " 24.8 13.4 18.2 10,3 2.0 

Raspirition in plant.i takes plice In the cillg of the leavis only 29.2 46.6 41.4 33,8 8.2 
lince only liaves hiVi spiclal pores to exchinp gasis. (1, 2) 



21.1 


11.3 


17.2 


0.0 


0.0 


13.9 


12.5 


18.1 


11.8 


0.0 


27J 


21.6 


18.2 


10.3 


0,0 


21.9 


14.8 


11.1 


8.9 


0.0 


2?.0 


23.9 


19.1 


3.0 


0.0 


10.9 


20.5 


11.1 


8.8 


6.1 


11.? 


11.4 


23.2 


33.8 


14.3 



Reiplration in pien plants Is a chiilcal procesi to obtiin 
inergy which occurs in plant cells but not in iniiil cells. 5,8 17,0 5.i 2.9 



2.0 



7 Respiration in pien plints provides enir|y to live and li a 
chasicil prociSB by which planti Mnuficture food frea water 

and carbon dloxldii I^qj g g 2 0 

Reipiration in piin plants ii the taking in of carbon dioxide 
and gi^ng off of oxy|in iiiis throu|h plmt stoffiatii. (l, 2) 18.2 9.1 24.2 16.2 0.0 



Tibia 3 (condinuid) 



Secondary students' ilsconciptlons- of photoiyntheili and feinlrsHnn 
of plants idintiflid by the two tiired diapostic teit 


Itll 


iuigynweptions iflinclElGg 


Percentaii of studenti with iliconceptions 

Year 8 Year 9 Year 10 Year U Year 12 
n ^13? n M8 n M9 n MB n M9 


8 


Graan plants rtsplra only it night (whin thire ii no light 
inergy). 


24.1 42.0 34.3 23.5 12.2 


9 


In the procisi of rispiritlon cirbon dloxldi and water an 
used by thi green plant to produci ensrgy during which 
tlae flucosi and oxypn wiste are producid, 


IS.3 20.5 25.3 19,1 6.1 


10 


The greinpipentcalltd chlorophyll corabinis with the carbon 
dioxide In the presince of light inergy and produces 
giucQii and waciii Ui 


4.4 12.5 12.1 10,3 ' 4,1 


11 

12 


Non green plants llki fungi which do not contain chlorophyll 
or sliilir plpints can alio photosynthislsa, 

The most liporEint benifit to grien planti when they (1, 2) 


12,5 19.2 7.4 0.0 




photoaynthiilse is the production of enirgy for plant ir'owth* 
The most liportint benifit to plants when they photQiptheilsa 
Is the rsfflo^l of carbsn dlexyp frm si^ frfe^^fiiiAk 
leaf's itottites. (1, 2) 


21.9 28.4 30.3 33.8 30.6 
21.9 22.7 25.3 11.8 2,0 


13 


Reiplration takis place in all plants only when there Is no 
lifht energy and in ill inlials all the tlis, 


22,6 31.8 28.3 23.5 16.3 


Hotel 


^isconceptloni prisented here are genirally bisid on >iOl of itudants holding that liiconceptlon 
at iacn year levili 




Nuibers in brackets rifer to lisconceptioni consistent with the wo 
(2) Windersie (1983). 


rk of (1) Roth ec al, (1983) and 
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